The association between retirement transition and smoking remains inconclusive. In a cross-sectional study, a higher prevalence of smoking was found among retirees than non-retirees [10] . Previous longitudinal studies have generally relied only on one measurement before and one after retirement [4] . A few studies have monitored smoking behaviours repeatedly throughout retirement transition [5, [11] [12] [13] . One study found no significant short-or long-term effects of retirement on smoking status [11] . In three studies, prevalence of smoking decreased quite steadily throughout the retirement transition [5, 12, 13] , with the decrease accelerating before retirement for women [5] and after retirement for men [5, 13] .
Only a few studies have examined changes in smoking intensity during retirement transition [10, 11, 14] . These studies have again concluded with contrasting results showing retirement either increasing [10] or decreasing [11, 14] the number of cigarettes smoked. smoking intensity is of interest because it can capture more subtle changes in smoking behaviour than examining changes in smoking cessation only. However, the extent to which the decrease in smoking is attributable to retirement or ageing remains open in all studies.
Given the heterogeneity in earlier findings, multiple subgroups with different trajectories of smoking behaviour around retirement transition are plausible. These subgroups might be defined by different, currently poorly understood, individual-level factors. In this study, we seek to address some of the research gaps by using repeated measurements of individuallevel data on tobacco smoking and smoking intensity before and after transitioning to statutory retirement. The aim of this study was to (1) examine the effect of transition to statutory retirement on quitting smoking and smoking relapse, (2) identify trajectories of smoking status and smoking intensity during transition to statutory retirement, and (3) assess the preretirement factors of belonging to each trajectory.
Methods

Study population and setting
The data were from the Finnish Public sector (FPs) study, an ongoing prospective cohort study [2, 3] that consists of public sector employees from 10 towns and six hospital districts who received identifiable questionnaires at four-year intervals. We used data from surveys of current employees in 2000-2002, 2004 and 2008 , and surveys of those who had left the organizations in 2005, 2009 and 2013 (supplemental Figure  s1 ). The FPs study was approved by the ethics Committee of the Hospital District of Helsinki and uusimaa. Among the cohort members, we first identified persons who were employed and responded to at least one survey in [2000] [2001] [2002] 2004 or 2008 (n = 81,587, supplemental Figure s2 ). Of these, 9, 433 had been awarded statutory pension as their first pension by December 31, 2011, and of these, 5,898 persons had also responded to at least one survey after retirement. We focused on statutory retirement because other types of retirement (e.g. disability retirement) are likely to be associated with diseases and other conditions that may influence smoking behaviour.
We centred the data on the retirement date. There were three possible study waves before (w −3 , w −2 , w −1 ), and three after (w +1 , w +2 , w +3 ) retirement. We only included ever-smokers who had participated in at least the last survey before and the first survey after transition to statutory retirement (i.e., w −1 and w +1 ), and who stated being a current or former smoker at the last survey before retirement (w −1 ), N = 1,432. For the smoking intensity analyses, we further limited the sample to current smokers in survey w −1 who gave information on smoking intensity in surveys w −1 and w +1 , N = 489. never-smokers were not included in the analyses because starting smoking is very uncommon in this age group: only 0.7% of those reporting neversmoking at w −1 reported being a smoker in any of the subsequent surveys.
Assessment of retirement
We obtained data on the retirement type and date of each participant between 2000 and 2011 from the Finnish Centre for Pensions, which coordinates all the earnings-related pensions for permanent residents in Finland.
Assessment of smoking
smoking status was assessed identically at each study wave. The first questions was, 'Do you smoke or have you previously smoked regularly, that is daily or nearly daily?' followed by, 'Do you still smoke regularly?' Participants who responded 'yes' to both of the questions were defined as current smokers, while those who responded 'yes' to the first question and 'no' to the latter question were defined as former smokers in the study wave of concern. smoking intensity was assessed by asking, 'How many cigarettes do you on average smoke daily?' The response options were 'none', 'less than 5', '5-9', '10-14', '15-19', '20-24', '25-39', and 'over 40'. We categorized the smoking intensity as low (<10 cigarettes/day) or high (⩾10 cigarettes/day) [15] . In the smoking intensity analysis, the number of smoked cigarettes was set to zero for quitters.
Assessment of covariates
Data on covariates came from the last survey before retirement (w −1 ). We obtained sex, date of birth, age at retirement, and occupational title from the employers' registers. We categorized occupational status according to the International Classification of Occupations [16] as high, intermediate, and low. level of education was obtained from statistics Finland [17] and classified as high (university degree), intermediate (high school or vocational school), and low (basic education).
Information on marital status and lifestyle-related factors were obtained from the surveys. Marital status was categorized as single, divorced/widowed and married/cohabiting. We defined heavy alcohol consumption as >16 units/week for women and >24 units/week for men, one unit corresponding to 12 g of pure alcohol, or passing out at least once due to heavy drinking during the past 12 months [18] . level of physical activity was measured as weekly Metabolic equivalent Task (MeT) hours [19] and categorized into low (<14 MeT-hours/week) or moderate-tohigh (⩾14 MeT-hours/week) [20] . We calculated body mass index (BMI) based on self-reported weight and height (kg/m 2 ) and categorized the respondents as normal weight (BMI <25.0 kg/m 2 ) or overweight/obese (BMI ⩾25 kg/m 2 ) [21] . Individuals who were underweight (n = 5) were included in the normal weight category.
We used questions from the Job Content Questionnaire and Demand-Control Questionnaire [22] to define job strain as having high demands (>median demand score) and low control (<median control score for the whole cohort) and assigned other combinations of job demands and control to the no strain-category [23] . self-reported health was determined by the question, 'How is your health?' and categorized as 'poor' (poor, fairly poor or average) or 'good' (good or fairly good). Information on depression was based on the Finnish Prescription Register kept by the social Insurance Institution of Finland (sII) (ATC code n06A). Disease status was obtained from nationwide registers: coronary heart disease, asthma, and diabetes based on the Drug Reimbursement Register by sII, and cancer from the Finnish Cancer Registry. Participants were categorized as having no disease, or one or more diseases before retirement, taking into account chronic diseases in all the pre-retirement waves available.
Data for adult neighbourhood disadvantage were obtained from statistics Finland's grid database for the year 2008, which contains information for all Finnish residents on social and economic characteristics shown at the level of 250 ×250 m grids (i.e. neighbourhood) [24] . We used information on income (coded inversely), unemployment rates, and the proportion of those with a low level of education as the determinants of neighbourhood disadvantage, and operationalized them as in the previous studies [25] . We linked these data to the participants' home addresses at the time of w −1 using the latitude and longitude coordinates. Participants' residential neighbourhood was also categorized according to the Finnish environment Institute's urban-rural classification as inner urban area (compact and densely built area with continuous development), or other [26] .
Statistical analyses
First, we examined the effect of retirement transition on quitting smoking and smoking relapse by applying a design where longitudinal observational data are treated as a sequence of non-randomized pseudotrials that mimics the selection process of clinical trials [27, 28] . To examine quitting smoking, we included all pairs of two consecutive surveys where the participant was a current smoker at the first wave. The pair of surveys where the participant retired in between the surveys served as a 'treatment' group, while all pairs of surveys where the participant was either a non-retiree or a retiree at both of the survey waves served as a 'control' group (see supplemental Figure s1 for illustration). We compared the likelihood of quitting smoking between the treatment and the control groups. In a corresponding way, to examine smoking relapse, we included all pairs of two consecutive surveys where the participant was a former smoker at the first wave and compared the likelihood of starting smoking between the treatment and the control groups. The results are reported as odds ratios (ORs) and their 95% confidence intervals (CI) derived from generalized estimating equation (Gee) models (PROC GenMOD in sAs). Gee models account for the within-person correlation from those participants who contributed to more than one paired observations. second, we identified trajectories of 1) smoking status (based on the repeated question of smoking status) and 2) smoking intensity (based on the repeated question of smoking intensity) throughout retirement transition using latent class analysis (lCA). lCA is a statistical method used for identifying mutually exclusive latent classes, or trajectories, of individuals with similar response profiles and it has been used to identify latent classes in longitudinal data based on one question presented repeatedly in successive study waves [3, 29, 30] . We examined one to five class solutions and selected the model with the best fit based on Akaike's Information Criterion and Bayesian Information Criterion values (models with smaller values indicate a better fit) for the analyses.
Third, we used multinomial logistic regression models to assess which pre-retirement factors predicted membership of each smoking trajectory. The pre-retirement predictors, measured at w −1 , included sex, age at retirement, marital status, occupational status, education, self-rated health, presence of chronic diseases, depression, heavy alcohol consumption, physical activity, BMI, neighbourhood disadvantage, urban area, and job strain. All models were adjusted for sex and, to control for changes in the patterns of smoking and tobacco control policies over time, year of birth. statistical analyses were performed with sAs 9.4 statistical Package (sAs Institute Inc., Cary, nC).
Results
Selection and background information
The baseline characteristics of the 1,432 ever-smokers and 489 current smokers are presented in Table I . Of the participants included in the smoking status analyses, 68%, 25% and 8% provided information at four, three and two study waves, respectively, while the corresponding figures for smoking intensity analysis were 63%, 26% and 10%. The 5,898 respondents were only slightly different compared with the eligible population of 7,466 people in terms of sex (80% vs. 79% female), occupational status (35%, 27%, and 38% vs. 37%, 26%, and 37% with low, intermediate, and high status, respectively) and education (15%, 29%, and 56% vs. 17%, 30%, and 53% with low, intermediate, and high levels, respectively).
Pseudo-trial for quitting smoking and smoking relapse
In the pseudo-trial on quitting smoking, there were 497 participants in the treatment group (i.e. retirement transition) and 465 in the control group (i.e. no retirement transition). Compared with the control group, retirement transition was associated with a higher likelihood of quitting smoking (OR 1.65, 95% CI 1.26 to 2.17; Table II ). Regarding smoking relapse, based on paired observations from the 935 participants in the treatment group and 914 in the control group, there was no difference between the groups (OR 1.08, 95% CI 0.70 to 1.67). 
Latent classes for smoking status
A three-class lCA model showed the best fit for smoking status analysis (supplemental Table s1 ).
The three trajectories were named as 'sustained nonsmoking', 'sustained smoking', and 'decreasing smoking' (Figure 1, panel A) . The majority of the participants (61%) were in the 'sustained non-smoking', followed by the 'sustained smoking' (23%) and the 'decreasing smoking' (16%) trajectories. Pre-retirement predictors for belonging to the different trajectories are presented in Table III . Compared with the 'sustained smoking', members in the 'sustained non-smoking' group more often had higher occupational and educational statuses and lived in socioeconomically advantaged areas and outside inner urban areas. Moderate-to-high physical activity and being overweight were more common among the latter group. Only one pre-retirement factor differentiated the 'decreasing smoking' trajectory from the 'sustained smoking' trajectory: those in the 'decreasing smoking' trajectory were more likely to live outside inner urban areas (OR 1.78, 95% CI 1.14 to 2.76).
Latent classes for smoking intensity
A three-class lCA model showed the best fit for smoking intensity (supplemental Table s1 ), with a fairly equal number of participants in each trajectory: 32% in the 'sustained high intensity smoking', 32% 1 Refers to time periods before (w −3 to w −2 ) or after retirement (w 2 to w 3 ). 2 Refers to time period w −1 to w 1 . Figure 1 . Trajectories of current smoking among Finnish Public sector study participants who were current or former smokers immediately before retirement (A) and smoking intensity among those who were current smokers immediately before retirement (B) over six study waves (four-year intervals). w −3 … w +3 present the study waves in relation to statutory retirement. Confidence intervals are truncated if they include 0% or 100%.
in the 'sustained low intensity smoking', and 36% in the 'decreasing high intensity smoking' trajectory ( Figure 1, panel B) . Table Iv presents the predictors for belonging to the smoking intensity trajectories. Those in the 'sustained low intensity smoking' trajectory were more likely to be female, retiring at an older age, physically active, live in socioeconomically advantaged neighbourhoods, and have good self-rated health and normal weight compared with those in the 'sustained high intensity smoking' trajectory. We found no factors predicting membership of the 'decreasing high intensity smoking' trajectory when compared with the 'sustained high intensity smoking'.
Discussion
In this large longitudinal cohort study on current and former smokers who entered into statutory retirement, the transition phase to retirement was associated with 65% higher odds for quitting smoking compared with times before and after retirement transition. Three trajectories of smoking were found: former smokers who remained non-smokers following retirement transition (61%), smokers who continued smoking (23%) and smokers who quit smoking (16%) during this transition. In terms of smoking intensity, 32% of the participants who smoked immediately before retirement sustained high intensity smoking, 32% sustained low intensity smoking, and 36% decreased their smoking intensity.
Compared with most of the previous studies, the major strengths of this large study were long follow-up with repeated measurements both before and after retirement, and use of a pseudo-trial design that enabled us to separate the effect of retirement from agerelated changes in smoking. In addition, lCA allowed us to find underlying subgroups of people with discrete smoking patterns, and we could examine several potential predictors for belonging to each trajectory. Furthermore, we were able to follow the changes in smoking intensity during retirement transition, a question that has received little attention up to date. Our results were based on a relatively homogeneous group of workers, who retired based on their age and not because of health reasons. Thus, an illness leading to early retirement and simultaneously to quitting smoking is an unlikely source of bias in our study. lack of biological measures to validate self-reported smoking is a weakness of this study. However, self-report is a reasonably valid method to measure smoking behaviours among Finns [31] , thus we expect no significant misclassification of tobacco use, especially among baseline current smokers. However, the study population consisted mainly of participants of european origin in a scandinavian welfare state with strict antismoking policies, which may limit the generalizability to other populations and countries. Furthermore, comparing results on quitting smoking between studies is challenging because countries are in different phases of the cigarette epidemic. some longitudinal studies have reported decreasing smoking prevalence during retirement transition [5, 13] , and it is well documented that smoking prevalence decreases with increasing age [32] . Our findings suggest that transition to statutory retirement has an independent effect on quitting smoking and it is not solely explained by age-related changes. However, it should be noted that effects of retirement may not take place at the very time of retirement, but part of the quitting we observed before or after retirement may have been due to retirement transition as well.
smoking cessation, even later in life, is beneficial for health [33] . We found a subgroup of smokers who reduced their smoking intensity during retirement transition. This reduction in smoking intensity, which seems to persist for a long period of time, is in agreement with two previous Japanese studies demonstrating reduction in smoking intensity during a shorter, two- [14] to four-year [11] follow-up period. In addition, we observed two subgroups of people who sustained their smoking intensity, either at a high or low level, throughout the retirement transition. In contrast to the findings from one study in which retirement was associated with an increase in the number of cigarettes smoked [10] , we did not find a subgroup for increasing smoking intensity. This is an important observation as there are fewer smoking-related restrictions, such as workplace bans, after retirement.
living outside the inner urban area was the only factor that predicted a decrease in smoking prevalence, as compared to sustained smoking. There may be other factors not measured in our study that affect smoking behaviours around retirement such as work-related habits and changes in social relationships. nevertheless, home neighbourhood as a predictor of decreasing smoking warrants more research on the area-level factors that might support quitting smoking during retirement transition. People in socioeconomically disadvantaged neighbourhoods smoke more than their peers in affluent neighbourhoods, independent of individual-level socioeconomic status [25] . For many individuals, retirement means spending more time in their neighbourhoods. It is plausible that the neighbourhood might have an even larger role in health behaviours after than before retirement. People living in urban as opposed to rural areas are also more likely to smoke [34] , and quitting is affected by the availability of tobacco products [35] . Given that the availability of cigarettes is higher in urban areas, living outside urban areas may be predictive of healthier smoking behaviours. However, other studies should be conducted to find out whether the rural environment is supportive of quitting smoking in countries with different urban structure.
In conclusion, retirement transition is a life stage where smokers have almost two times higher odds of quitting smoking than immediately before or after retirement. Compared with sustained smoking, quitting smoking was predicted by living outside inner urban areas. Further studies should explore the reasons for quitting or decreasing smoking during retirement transition, and formulate interventions taking advantage of retirement being a window of opportunity for quitting smoking. In addition, further research should examine neighbourhood-level factors that might support reducing or quitting smoking among retirees.
